SUMMARY:
Intraperitoneal or intravenous inoculation of live or inactivated influenza virus induced two characteristic responses of the peripheral leukocytes in mice, an early appearing leukopenic response and late appearing lymphopenia.
The former response usually developed and subsided within several hours, though the change in leukocyte population was fairly complicated depending upon the activity of the inoculated material, while the latter began several hours after inoculation and reached its minimum level in 10 to 20 hr. The agent responsible for the former may be virus pyrogen , while the latter seems to be caused by some substance (s) other than that .
The early appearing leukopenic response was similar to that due to bacterial endotoxin in respect to the characteristic pattern of the change in peripheral leukocyte population, though it was relatively easy to distinguish one from the other by the length of the latent period and by the heat stability of the causative agent. Live or inactivated influenza virus causing the early appearing leukopenic response was found also to have the mouse body weight-decreasing toxicity.
The significance of these findings in the laboratory control test of influenza vaccine for untoward reactions often observed in human inoculated with some inactivated influenza vaccines was discussed. The possible roles of the two agents, virus pyrogen and endotoxin, in the febrile response were mentioned . 
MATERIALS AND METHODS
Influenza virus: Virus strains, suppliers, and virus contents are listed in Table  I . The values of CCA in the table were those given by the suppliers. All the materials were prepared from egg-grown and Sharples-centrifuged virus pools and proved to contain little endotoxin by the biological assay using leukopenic response in mice (Kurokawa et al., 1974) . Inactivation of the viruses was performed with formaldehyde.
Endotoxin preparation: An endotoxin preparation, WE-1, extracted from Escherichia coli O-III by the phenol-water extraction method (Westphal and Jann, 1965) was used. The biological activities of this material were detailed in our separate paper (Ishida, 1968) .
Test for peripheral leukocytic response in mice: Details of the methods for testing leukocytic response in mice have been described elsewhere (Kurokawa et al., 1974) . Briefly, a material was injected intraperitoneally into conventional female mice of a random stock (ddY/ S) at about 4 weeks of age. Allotment of mice to materials, doses of materials and date of bleeding or killing was at random. The blood specimen was taken from the tail vein and a cell suspension was made in (Ishida, 1968) .
RESULTS

Pattern o f Febrile Response o f Rabbits to Virus Pyrogen
Time course of febrile response of rabbits to live or inactivated influenza virus was similar to those presented in literatures (Bennett et al., 1949; Wagner et al., 1949; French, 1952) . Examples of the characteristic pattern are shown in Fig. 1 . There was a distinct latent period before onset of the febrile response, and the temperature peak appeared 3 to 5 hr after inoculation ( Fig. 1 a and 1c ). This pyrogenic activity was lost upon heating the material at 70 C for 30 min (Fig. 1b) , showing that the pyrogenic activity is heat labile and not attributable to endotoxin. Figure 2a represents an example of peripheral leukocyte kinetics in mice within several hours after ip inoculation of 750 CCA of inactivated virus 712. There was clear leukopenia in mice. The minimum level was seen around 4-5 hr after inoculation of the material, in sharp contrast with leukopenia due to endotoxin, in which the minimum level was reached around 2 hr after inoculation (Fig. 2b) . The result of another experiment, in which a mixture of inactivated virus and endotoxin was inoculated ( Fig. 2c) , also indicated the two kinds of leukopenia occurring independently. Figure 3 mice obtained by electronic sizing performed 4 to 5 hr after inoculation with graded doses of live influenza virus 714 or saline. When a relatively large dose (1500 CCA) was inoculated, both small-and large-sized cells decreased 4 hr after inoculation but a distinct rightward shift in the second peak occurred 5 hr after inoculation, showing the turn of leukopenia to leukocytosis. With a medium dose (375 CCA), small-sized cells decreased, while there was a certain increase or a somewhat rightward shift in large-sized cells. A small dose (94 CCA) did not induce any distinct change in the cell size distribution. It was confirmed by microscopical examinations that the large-sized cells were composed of large lymphocytes and granulocytes and that the small-sized cells were almost exclusively of small lymphocytes. Though relative content of the large-sized cells was markedly higher in the mice used in the present experiments than those in the experiments with endotoxin (Kurokawa et al., 1974) , there did not seem to be much difference between the pattern of change in leukocyte population due to endotoxin and that attributable to influenza virus. Mechanisms involved in changes in peripheral leukocyte population induced by influenza virus may be much complicated like those by endotoxin.
Leukopenia Appearing within Several Hours after Influenza Virus Injection
The peripheral leukocyte kinetics were followed by morphological examinations reaches its minimum level around 2 hr after inoculation (Ishida , Ueno and Kuro-k awa, 1972; Ishida et al., 1973; Kurokawa et al ., 1974 
Effects o f Heat and Formaldehyde Treatments on Early Leukopenia and Late Lymphopenia-inducing Activities
To test for the possible correlation between the agent for early leukopenia and that for late lymphopenia, effects of heat and formaldehyde treatments on both activities were investigated. Live influenza virus at a concentration of 4332 CCA per ml was heated at 70 C for 30 min and tested for the activities. The early leukopenia-inducing activity was completely destroyed by the treatment (Fig . 7) but the lymphopenia-inducing activity was only partially affected (Table TI) . In this respect, it is interesting that the virus pyrogen is also inactivated completely by heating at 70 C for 30 min (Fig. 1b) . The same virus was added with formaldehyde to a concentration of 0.2% and kept at about 5 C. Samples were taken periodically and tested for pyrogenicity, the late lymphopenia-inducing activity and the mouse body weight-decreasing toxicity. The late lymphopenia-inducing activity did not change at all for 10 weeks. During this period, the pyrogenicity demonstrable in the rabbit at a dose of 20 CCA/kg (Fig. 1 ) disappeared and no pyrogenicity was demonstrable even at a concentration of 1,000-2,000 CCA (Fig. 8a) , while the late lymphopenia-inducing activity was not affected at all during the observation period ( Fig. 8a and 8c) . The mouse body weight-decreasing toxicity disappeared almost completely by the end of the observation period (Fig. 8a and 8b) .
In another experiment using the same material, addition of formaldehyde to 0.2% caused complete loss of the 4-5 hour-leukopenia-inducing activity in 11 days (Fig. 7) . leukopenia-inducing activity, comparison of the known properties of the virus pyrogen with those of endotoxin is worth discussing. Atkins and Snell (1965) listed the following features in which the responses induced by iv inoculation of myxoviruses, including influenza viruses, differed from those associated with endotoxin .
(1) There was a difference in the latent period, as was mentioned above. (2 ) Virusinduced fever was associated with progressive and prolonged lymphopenia , whereas endotoxins produced change predominantly in the number of circulating granulocytes (Harris and Henle, 1948; Bennett et al., 1949; Wagner et al ., 1949) . (3) Myxovirus lost its pyrogenic activity when combined in vitro with the specific immune serum (Bennett et al., 1949; Wagner et al., 1949; Atkins and Huang , 1958) , while the toxic properties (including pyrogenicity) of endotoxin were not modified with homologous antibody. The lymphocytopenic effect of the virus was also neutralized by rabbit type-specific immune serum (Harris and Henle , 1948 to their report, an ultraviolet irradiated NDV virus preparation did not induce granulocytosis but retained the lymphopenic effect. Siegert and Braune (1964) found that ultraviolet irradiation destroyed NDV pyrogenicity . These findings might also suggest that the agent of NDV responsible for lymphopenia is different from the NDV pyrogen. Several kinds of untoward reactions following influenza vaccination in man have been known; systemic reactions such as fever and local reactions such as erythema and induration (Mostow et al ., 1969 (Mostow et al ., , 1970 Ruben and Jackson, 1972) . In studies on untoward reactions of influenza vaccine , the febrile response has often been employed as a representative one (Salk , 1948; Davenport et al., 1964; Brandon et al., 1967 Brandon et al., , 1969 Reimer et al., 1967; Duxbury , Hampson and Sievers, 1968) . The fever might be accounted for by the virus pyrogen. However , as a certain portion of eggs used for vaccine production is not always free from bacterial contamination (Perkins, 1969) . Endotoxin derived from contaminating bacteria might partly be responsible for the fever and other untoward reactions following influenza vaccination. The two factors causing febrile reaction must separately be defined.
In connection with such local reactions as erythema and induration, there have been only a few data on the agent or agents responsible for those local reactions . Endotoxin per se can cause erythema and induration in the skin of experimental animals and man. But in the positive rate and severity , these local reactions in man did not always behave parallelly with febrile reactions (Mostow et al., 1969 (Mostow et al., , 1970 Ruben and Jackson, 1972) . The Subcommittee on Untoward Reactions of the Research Committee of Influenza Vaccine (Research Committee on Influenza Vaccine, 1974) has experienced that, with ether-treated influenza vaccines having been shown at a concentration of 10,000 CCA per ml to be free from the early leukopenia-and the late lymphopenia-inducing activities and the leukopenia-inducing activity attributable to endotoxin in mice, little systemic reaction was observed in man even at a dose of 5,000 CCA, but local reactions such as erythema and induration were observed at much smaller doses and that the size and positive rate of the local reactions seemed to be dose dependent. Therefore, a toxic agent different from any of the toxic substances mentioned in this report should be looked for , provided that the local reactions are not of immunological nature. There is a report suggesting that a delayed hypersensitivity reaction might be caused by a component(s) of influenza virus itself (Habershon et al., 1973) . APPENDIX By use of the data (see the attached figure) borrowed from Dr. S. Kanoh, the regression coefficient.of the temperature rise in the rabbit by influenza virus against log dose was calculated to be 1.1541. Deviations from linearity of the regression line was not significant at a probability p=0.01.
